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ABSTRACT 

In  the  modern  developments  to  increase  the  methodologies  in  liquid  state  welding  process,  a  new  concern  about  the  solid 
state  welding  shall  be  looked  after  as  a  change  in  scenario  as  it  may  be  suiting  in  many  places  as  a  replacement  because 
of  its  improved  characteristics  over  the  case  compared  to  liquid  state  welding  process.  Here  in  our  work,  we  take  the  case 
of  friction  welding  process  for  joining  various  combination  of  the  following  aluminium  alloys  5083,  6061,  7075  were 
taken  for  consideration  and  the  parameters  which  were  used  are  spindle  speed,  friction  pressure,  friction  time,  forging 
pressure,  forging  time.  Once  the  welding  process  is  completed  the  Scanning  Electron  Microscope  (SEM)  is  used  to 
examine  the  interface  region  of  the  weld  specimen  to  determine  the  microstructure  changes.  In  order  to  calculate  the 
mechanical  properties,  the  micro  hardness  test  and  tensile  test  are  carried  out  in  the  welded  specimen  and  the  weldability 
of  these  alloy  in  solid  state  welding  process  was  done  j 'riction  welding  method  and  the  characteristics  were  studied  by 
Scanning  Electron  Microscope  (SEM)  analysis 
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INTRODUCTION 

Friction  welding  is  one  of  the  solid-state  welding  process  which  is  done  by  generation  of  the  heat  between  the  two 
metals  which  are  to  be  welded  by  friction  between  the  ends  [1].  The  metals  which  are  to  be  welded  are  axially 
aligned  in  which  one  part  is  being  rotated  at  very  high  speeds  whereas  the  other  part  is  kept  stationery  but  kept 
pressed  tightly  against  the  rotating  part  [2].  The  friction  which  is  generated  by  the  moving  parts  rapidly  increases 
the  temperature  at  both  the  ends  of  the  metals  [3-4].  The  rotating  part  is  stopped  abruptly  and  the  friction  pressure 
which  is  the  pressure  applied  on  the  stationary  part  is  increased  when  the  joining  between  the  two  metals  occurs 
[5-8]. 

As  it  is  known,  most  of  the  industries  are  adopting  friction  welding  methodology  increasingly  [9-10],  in 
which  the  heat  that  is  generated  by  converting  the  mechanical  energy  to  thermal  energy  [11-13]  along  the  interface 
layer  between  the  work  pieces  while  the  moving  part  rotates  under  the  intluence  of  pressure  applied  by  the 
stationary  part  [14-15].  By  adopting  the  friction  welding  process  methodology,  we  will  be  able  to  join  any  form  of 
materials  like  ferrous  and  non-ferrous  alloys  [16]  or  circular  and  non-circular  cross  section  materials  or  two 
different  materials  have  varying  mechanical  and  thermal  properties  [17].  The  metallic  bonding  between  the 
materials  used  in  the  process  of  friction  welding  process  which  falls  under  the  category  of  solid-state  welding 
process  is  achieved  at  temperatures  which  are  slightly  lower  than  the  base  metals  melting  point  [18-19].  The  major 
parameters  which  are  to  be  considered  in  the  friction  welding  process  are  friction  time,  friction  pressure,  forging 
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time,  tbrging  pressure  and  rotation  speed  [20].  Properties  of  glass  fiber  reinforced  composites  have  been  discussed  in  detail 
[21].  MIG  welded  joints  were  experimentally  examined  [22]. 

MATERIALS  AND  METHODS 

In  this  work,  we  have  taken  three  different  material  namely  aluminium  alloys  5083,  6061,  7075  for  considerations  and  it 
was  joined  by  using  friction  welding  method  and  various  combinations  of  these  alloys  were  joined  by  using  this  method 
and  the  samples  were  taken  for  examination  like  making  A15083+A17075,  A15083+A16061  and  A16061+A17075  and  these 
combinations  were  welded  in  various  welding  parameters  like  spindle  speed,  friction  pressure,  friction  time,  forging 
pressure,  forging  time  were  considered  by  varying  the  parameters  of  the  welding  methodology.  In  this  work,  the  spindle 
speed  was  varied  for  various  stages  like  800  rpm,  900  rpm,  1000  rpm  and  in  these  varying  speeds,  the  weld  samples  were 
taken  and  they  were  taken  and  tested  for  the  various  mechanical  properties  such  as  percentage  of  elongation  test,  hardness 
test,  yield  strength  test  and  tensile  strength  test  were  conducted  on  the  welded  specimens.  Likewise,  these  welded  joints 
were  taken  and  tested  in  Scanning  Electron  Microscope  (SEM).  These  SEM  tests  are  conducted  and  the  test  results  were 
analysed  in  detail. 

RESULTS  AND  DISCUSSIONS 

The  microstructure  photos  are  given  here  are  the  interface  layer  of  the  joints  of  the  parent  metal  which  they  belong  to 
which  consists  of  the  austenitic  grain  structure.  The  microphotographs  clearly  depict  that  the  aluminium  alloy  has  been 
deformed  greatly  with  the  elongated  grains  that  are  clearly  refined  near  the  weld  interface  layers.  There  is  a  slight 
deformation  in  the  stainless  steel  and  a  partial  transformation  near  the  faying  surface  which  occurs  from  the  austenite  to 
martensite  that  owes  to  the  hard  upsetting  formation.  The  hard  inter  diffused  constituent  elements  pertaining  to  both  the 
base  materials  along  the  weld  interface  where  the  formation  of  intermetallic  compounds  such  as  Fe  A1  and  Fe3Al  occurs.  It 
is  highly  recommended  to  carry  out  the  imaging  process  for  the  conventional  SEM  under  vacuum  since  the  gas  atmosphere 
will  start  to  spread  very  rapidly  and  it  also  attenuates  the  electron  beams  too.  It  is  needed  to  dry  or  freeze  cryogenically  the 
samples  that  may  produce  a  considerable  amount  of  vapour  for  example  biologically  wet  samples  or  the  oil-bearing  rocks. 
In  the  process  of  conventional  high-vacuum  SEM  is  not  possible  to  be  carried  out  for  the  process  which  involves  the  phase 
transactions  such  as  liquid  transport,  solid-air-gas  systems,  chemical  reactions,  drying  of  the  adhesives  or  melting  of  the 
alloys.  The  chamber  of  the  environmental  SEM  (ESEM)  is  completely  evacuated  of  the  air  whereas  while  reaching  the 
saturation  pressure  water  vapours  are  retained,  and  the  value  of  the  residual  pressure  will  remain  very  high  which  makes 
possible  for  the  volatile  substances  or  the  samples  containing  water  could  be  analyzed.  The  observations  of  living  insects 
are  even  made  possible  by  utilization  of  this  ESEM. 

This  scanning  electron  microscope  is  not  a  conventional  camera  also  the  detector  could  not  be  able  to 
continuously  image-forming  like  a  CCD  array  or  film.  The  lineness  of  the  lens  or  mirror  or  detector  array  resolution  and 
the  diffraction  limit  could  not  restrict  the  resolution  as  like  in  the  case  of  optical  systems. 
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Micro-structure  of  aluminium  A1  5083+ A1 6061  at  800rpm 


❖  inclusion  of  slag  are  higher  in  all  section 

❖  Boundary  layers  are  visible 

❖  Crack  Inclusion  are  clearly  yisible 


♦♦♦  Distribution  of  weld  is  not  so  even 
♦♦♦  Overall  weld  looks  dull 
♦♦♦  Tiny  particles  are  bonded  well 
'l'  Fusion  of  welding  is  good 

Figure  1:  Micro  Structure  Images  of  Aluminium  5083+6061  at  800  rpm. 
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Micro-  structure  of  aluminium  A1  5083+ A1  7075  at  900  RPM 


'l'  Slag  formation  is  very  low 

♦♦♦  Cracks  are  visible 

♦♦♦  Overall  weld  looks  smooth 
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♦♦♦  Fusion  of  welding  is  very  good 
♦♦♦  Boundary  layers  are  clearly  visible 
♦♦♦  Bonding  of  tiny  particles  are  good 

Figure  2:  Micro  Structure  Images  of  Aluminium  5083+7075  at  900 

rpm. 
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Micro-  Structure  of  Aluminium  A1  6061+Al  7075  at  1000  rpm 


Yisible  weld  is  good 


CONCLUSIONS 


♦♦♦  Distribution  of  weld  is  even 

♦♦♦  Boundary  layers  are  visible 

♦♦♦  Structural  bond  is  very  good 

Figure  3:  Micro  Structure  Images  of  aluminium 
6061+7075  at  lOOOrpm. 


In  this  investigation  process  of  friction  welding,  it  is  found  that  the  combination  of  A1  5083  &  AI  6061  with  rotation  speed 
of  1000  rpm  from  the  microstructure  inference  the  distribution  of  alloy  was  found  to  be  even  and  the  corresponding 
hardness  value  was  found  to  be  164  HV  which  is  maximum  in  the  all  possible  combinations.  The  hardness  value  for  the  A1 
5083  &  A1  7075  at  900  rpm  was  recorded  as  151  HV  and  the  hardness  value  for  A1  6061  &  A1  7075  at  800  rpm  is  found  to 
be  160  HV.  During  the  process  of  friction  welding,  we  need  to  properly  select  the  speed  as  it  plays  a  major  role  in  the 
hardness  value  of  the  welded  sample. 
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